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Director®@ Message

Since our last newslettethe SCALHEeam
has become involved in many exciting
projects for the US Nuclear Regulatory
Commission (NRC), as well as the US
Department of Energy (OB Nuclear
Criticality Safety Program (NCSP).

Non-LWR Severe Accident Analysi

planning document entitledNRC Notblight
Water Reactor (NoiWR) Vision and
Strategy, Volume 3: Computer Code
Development Plans for Severe Accident
Progression, Source Term, and Conseque
Analysighttps://www.nrc.gov/docs/ ‘
ML1909/ML19093B404.pyfThis work is a
collaborationbetween the NRC, Oak Ridge
National Laboratory (ORNL), and Sandia [
National Laboratories (SNL). We are using &
SCALE to pride data tof b [MEBCOR
team on nuclide inventory, along withata
ondecay heat at initiation and during
evolution of a severe accident. #MELCOR
team is using the data to evaluate the
sourceterm consequences of postulated
accidents. So far, we aremsidering five
non-LWR reactor types: (1) the fluoride salt
cooled hightemperature reactor (FHR), (2) the hitgmperature gascooled
reactor (HTGR), (3) the fagpectrum heat pipe reactor (HPR), (4) the sodium
fast reactor (SFR), and (&g molten saltreactor (MSR).

For the FHR, the prototype chosen was the Berkeley Mark 1P&hkle Bed
Modular ReactorFBMRB-400 was chosen as the HTGR prototype, Idaho
National Laboratory (INL) Design A was chosen as the HPR prototype, the
Molten Salt Reactor Exparent (MSRE) was the chosen prototype for MSRs,
and the SFR prototype is yet to be determined.

Figurel. SCALE production
coordinator, clearing brush on his
property: a fun, COVIBriendly
activity.
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Planning is underway to develop ORIGEN reactor librarieRobert Hall, B.J. Marshall, William A.
and ORIGAMI methodologies for each design. For pebbleWieselquistAssessment of Existing Transportation

based systems (HT@RHR), a strategy has been Packagedor Use with HALEJJORNL/TM2020/1725, UT
established for determination of the equilibrium core. Battelle, LLC, Oak Ridge National Laboratory (September
Thefirst NRC staff workshofeld May 1%12) covered 2020) [supporting fileg

the HPR and HTGR. The NRC staff workshop for the FHRRobert Hall, Ryan Sweetmly Belles, and William A.
will be held in August. Public workshops for all three ’ '

reactor types (HPR, HTGR, Fatepeing held inJune
July, and Augusttfter which we will turrour efforts to
the MSR and then finally the SFR.

HALEU/HBU/ATF Analysis Activities Riley Cumberland, Ryan Sweet, Ugur Mertyurek, Robert
At this writing, this phased activity has produced several Hall, and William A. Wieselquistotopic and Fuel Lattice
reports to address HighAssay LovEnriched Uranium Parameter Trends in Extended Enrichment and Higher
(HALEU) Impact on Storage and Transport Criticality, Burnup LWR Fuel Vol. Il: BWR F@RNL/TM

Isotopic ad Fuel Lattice Parameter Trends in Extended 2020/1835, UBattelle, LLC, Oak Ridge National
Enrichment and Higher Burnup (HBU) LWR Fuel, and Laboratory (March 2021)slipporting fileg

Extended Enrichment Accidemblerant Fuel (ATF)
Isotopic and Lattice Parameter Trends for LWRs. The
focus of the NRC HALEU/HBU/ATF code preparedness
effort is toassess SCALE for potential confirmatory
analysis of this type of new fuel and to familiarize NRC
staff members with what they may see in the future. This
effort also includes training on how these packages
impact storage configurations, the effects ofieased Our work with NCSP has focused on extending our
enrichment, and whether the benchmark criticality criticality safety validation database and making this Righ
experiments identified are sufficient for computer code  quality database openly available to all users. SCALE team
validation. Scenarios were evaluated to discern optimum members are also contributing to new International
moderation and geometric configurations. Publicly Criticality Safety Benchmark Evaluation Project (ICSBEP)
available package designs and theisaciated data were ~ benchmarks, reviewing critical expeemts, and even

used for this work. The nuclear industry has achieved  designing new ones. We are especially excited about

high capacity factors and has increased electrical output elevated temperature benchmarks, which should provide

Wieselquist ExtendedEnrichment AccideniTolerant

LWR Fuel Isotopic and Lattice Parameter
Trends,ORNL/TM2021/1961, UBattelle, LLC, Oak Ridge
National LaboratoryMarch 2021).4upporting filed

Robert Hall, Riley Cumberland, Ryan Sweet, and William
A. Wieselquistlsotopic and Fuel Lattice Parameter
Trends in Extended Enrichment and Higher Burnup LWR
Fuel Vol. 1PWR FuelORNL/TM2020/1833, UiBattelle,
LLC, Oak Ridge National Laboratory (February 2021).
[supporting file§

through measurement uncertainty recapture (MUR% valuable validation data for thermal scatteritayv data
increase in power), stretch power uprates (SRypically ~ and Doppler broadening methods used in Monte Carlo
up to 7% incease in power), and extended power codes.

uprat.es (ERU up to 20%'ir.1(.:rease in pgwer). It may b.e SCALE Development

possible to increase flexibility and efficiency by allowing N

for increased enrichment and higher discharge burnups. N February of 2021he addition of new features to
concepts for chromiurtoated clad, chromiurdoped now_in the reposito_ry to serve as an onI_ine and _PDF _
fuel, and FeCrAl cladding. The SCALE validation basis ~ Version. The team is working on surveying and improving

continues to expand as new benchmarks are made SCALE performance, as discussed in motlde this
available and analysis efforts are prioritized. The reports Newsletter. In addition to the new features in SCALE
and links tathe supporting input/output fies can be 6.3.0, more than 100 minor fixes/improvements have
found in the references section on our websiamdthey ~ Peen made to the codebase since SCALEGRd final
arealsolisted here for convenience. release in the 6.2 series.
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Nuclear Systems Modeling & Simulation

Outlook

Like many of our users and colleagues, the mayaoitthe
SCALE team has been working from home for more than
a year now. Ware beginning taeturn to the office at

least part time in June and July. Our upcoming SCALE

' ASNERQ DNRdzL) aSSiGAy3a A,
2021, and a noi WR workshop iV be held as part of the
International Conference on Mathematics and

Computational Methods Applied to Nuclear Science and
EngineerindM&C) 2021 conference. We hope to see
youthere!

SCALE Website Update

2 yTheiSCALE @ebsitg Rarheaquretresheg witl aimasut |

as shownin Figure2 below.

LU Overview Releases Training References Support

Virtual 5th SCALE Users' Group Workshop, August 4-6, 2021
The SCALE website contains the following major sections:

Overview: additional details on SCALE capabilities.
Releases: details on SCALE releases.
Training: information on our upcoming training courses.

easy citing of SCALE references.

newsletters, and QA documents.
Please direct any inquiries to scalehelp@ornl.gov.
The SCALE 2021 Calendar is now available.

For general SCALE references, please cite the latest manual.

2005/39, Version 6.2.4, Oak Ridge National Laboratory, Oak Ridge, TN (2020).

For more specific references see https://www.ornl.gov/scale/references.

SCALE is a comprehensive modeling and simulation suite for nuclear safety analysis and
design developed and maintained by Oak Ridge National Laboratory under contract with the
U.S. Nuclear Regulatory Commission, U.S. Department of Energy, and the National Nuclear
Security Administration to perform reactor physics, criticality safety, radiation shielding, and
spent fuel characterization for nuclear facilities and transportation/storage package designs.

References: links to downloadable scientific journal articles and reports with bibtex for

« Support: how to get help with SCALE, including presentations, annual reports,

W. A. Wieselquist, R. A. Lefebvre, and M. A. Jessee, Eds., SCALE Code System, ORNL/TM-

Contact

William A

Wieselquist

SCALE Director
wieselquiswa@ornl.gov

Figure2. New website layout.

The main goal for this rework was to enable new landing
pages for SCALE releasesl useful reference material.
The releases pagétfps://www.ornl.gov/scale/releases
provides links to the SCAPES NB A 2 Y Q&
optimize maintenance effortghe first thing we will do

with a potential discrepancy is to verify that the issue still
exists in thdatest production releaséf the issuedoes

not existin the latest production release, then we may
ask you to upgrade to this version, and we will only
minimally look into the issue further. This process will
also affect how we document issues. We will only
formally document minoissues for the latest production

When v6.3.0 is released, tiwé.2.4landing page will
AyOtdzRS I ol yySNI G ThkS
GSNBEAZ2Y Aa

newly discovered discrepancies in the vée2ies, and we
encourage all users to upgrade to SCALE v6.3.0. We will
continue to support users with questions about the v6.2
series, but support for verifying and fixing discrepancies
will only apply to thdatest production releaseStarting

with SCALE6.3.0, we wilmaintain a list of known
discrepancies on the6.3.0 versioranding page as they
are found When we release the v6.3.1 maintenance

release. Significant issues will continue to have the extentupdate, we will explicitly note which discrepancies were

of their condition investigated for many SCALE versions.

fixed and which ones remain. For example, we may

3 | SCALE NEWSLETTER 2021
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https://www.ornl.gov/scale/releases

choose not to fix minor issues with a clear workaround
until the next major release (v7.0.0). Hopefully this
approach will giveurrent and potentialisers an easy
way to check the contents of a release to see if it meets
their needs.

SCALE

About Overview Releases Training References Support

SCALE v6.2.3

This release of SCALE is now unsupported. Please
click here for the current production release.

April 2018

The SCALE 6.2.3 update is available for SCALE 6.2 users as of April 2018, providing
enhanced features and performance in the areas detailed below. This update is provided as
a download and is recommended for all SCALE 6.2.0, 6.2.1, and 6.2.2 users. The 6.2.3
update includes all previous updates and can be applied directly on any SCALE 6.2 release

Polaris Enhancements

SCALE 6.2.3 introduces several enhancements fo the Polaris lattice physics code

Figure3. Release unsupported message.

The other important page added to the website is the
d wS T SINS yEGE®4). Bromthis point forward this
part of the websitewill list publications authored by

For key ORNL reports, links to supporting filegically
all the model inputs and outputs that facilitated an
analysis will be included. This will pride the SCALE
user community with easier access to higimality models
to use as starting points for their own analyses.

We are aware that this is a significant change to the
website, and if we have not preserved some important
content for yal as a SCALLEer, please let us know by
sending an email tecalehelp@ornl.gav

Development of ORIGEN Reactor
Libraries for HTGRs

As part of a larger NRi@nded effort focused on

quantifying severe accident source terfas nonLWRs,
ORNL staff members have been using SCALE to model
and evaluate several advanced reactor systems based on
open literature concepts.

One such reactor system is the PBMR, a Generation 1V
concept based on continuous circulation of graphite
basedpebbles composed of microscopic tristructural
isotropic (TRISO) fuel particles. These TRISO fuel particles

SCALE team members that document the development oiconsist of a uranium oxide fuel kernel surrounded by

application of SCALE capabilities.

@& ornl.gov/scale/references

%OAK RIDGE About Us User Facilities Science and Discovery Ney

National Laboratory

About Overview Releases Training Refevences Support

The current SCALE 6.2.4 manual can be cited with the following

W. A. Wieselquist, R. A. Lefebvre, and M. A. Jessee, Eds., SCALE Code System, ORNL/TM-
2005/39, Version 6.2.4, Oak Ridge National Laboratory, Oak Ridge, TN (2020).

« Advanced Reactors

o Criticality Safety

« Depletion and Decay

¢ Nuclear Data

« Radiation Shielding

« Reactor Physics

« Sensitivity and Uncertainty Analysis
« User Documentation

Figure4. References tab.

Publications will be listed by toparea Figureb). As
shownin the screenshot of the Criticality Safety page
below, relevant documents will be organized by year of
publication and will be linked onttps://www.osti.gov/.

layers of silicon carbide and graphite which serve as a
fission product barrier and buffer. A kadvantage of the
TRISO fuel concept is its inherent safety features,
including strongly negative temperature feedbacks and
excellent fission product retention capabilities. The PBMR
concept has a long pedigréleat stretchesback to the
German AVR reaatpandit alsodraws from features of

the prismatic block HTGR concepts developed in the
United States. Although no commeregdale PBMR units
currently exist, some of the more wedhown HTGR
examples include the HTE research reactor in China,
as wellas the proposed (and later abandoned) PBMI®
project in South Africa, a 400 MW pebble bed design
using lowenriched uranium fuel and designed to achieve
very high fuel burnups (~90,000egawatt daysyiwd]/
metric tons of initial heavy metaMTIHM)t nealy

double the average burnup of conventional LWRs.

Though it was never constructed, the PBXIB lives on
as an international reactor physics benchméflgure6).
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SCALE

About Overview Releases Training References Support

Criticality Safety

2020 Publications:

Kursat Bekar, Justin Clarity, Mathieu Dupont, Robert Lefebvre, William Marshall, Ellen
Saylor, KENO-VI Primer: Performing Calculations using SCALE’s Criticality Safety
Analysis Sequence (CSAS6) with Fulcrum, ORNL/TM-2020/1601, UT-Battelle, LLC, Oak
Ridge National Laboratory (December 2020) [supporting files]

Kursat Bekar, Justin Clarity, Mathieu Dupont, Robert Lefebvre, William Marshall, Ellen
Saylor, KENO V.a Primer: Performing Calculations using SCALE’s Criticality Safety
Analysis Sequence (CSAS5) with Fulcrum, ORNL/TM-2020/1664, UT-Battelle, LLC, Oak
Ridge National Laboratory (December 2020) [supporting files]

Robert Hall, B.J. Marshall, William A. Wieselquist, Assessment of Existing Transportation
Packages for Use with HALEU, ORNL/TM-2020/1725, UT-Battelle, LLC, Oak Ridge National
Laboratory (September 2020) [supporting files]

2019 Publications:

|. Duhamel, J. L. Alwin, F. B. Brown, M. E. Rising, K. Y. Spencer, D. Heinrichs, S. Kim, W. J.
Marshall, and E. M. Saylor, “International Criticality Benchmark Comparison for Nuclear
Data Validation,” Transactions of the American Nuclear Society, 121, 873-876 (November
2019). [pdf]

B. T. Rearden, “Some Innovations of Dr. Mark Williams for the Practical Application of
Sensitivity and Uncertainty Analysis to Reactor Analysis and Criticality Safety,”
Transactions of the American Nuclear Society, 121, 1479-1483 (November 2019). [pdf]

W. A. Wieselquist, “Recent SCALE Activities Within the Nuclear Criticality Safety

Figure5. Publications by topic area.
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Figure6. PBMR400 model.

It is the basis of a current effort to determine how to
develop future ORIGEN reactor data libraries to

accommodate the unique features of this design. Some of

the more prominent modeling challenges center around
accounting for the continuous flow of pelad through

the core, which is further complicated by the fact that
pebbles are irradiated in multiple passes through the
core. The goal is not to reinvent decades of methods
development to describe the physics of the core
evolution toward an equilibrium, tt rather to develop a
rigorous means of developing reactor libraries that can be
used to rapidly estimate pebble isotopic inventories with
the same ease and relative accuracy that the present
suite of ORIGEN reactor data libraries provides.

Given the subtantial differences between the PBMR and
LWR cores, much of this effort involves characterizing
appropriate dimensions for which library interpolation

parameters will be defined. Users of ORIGEN are no
doubt familiar with the traditional parameters usedrf

library interpolation, such as initial enrichment, average
moderator density, burnup for uranium oxide fuel, fissile
plutonium content, and total plutonium fraction for
mixed-oxide fuels. As we continue to apply SCALE tools to
a broader class of reactarits capabilities will continue to
expand.Inthe case of norLWR systems, this means
generalizing the approach to handle reactor data library
interpolationt a feature planned for the SCALE 7.0 series.
The findings of this study will be released in a

fotK O2YAYy 3 hwb|[ GSOKYyAO!f
ORIGEN Reactor Library Development for PeBbld
Reactors Based onthe PBMR1 1 . SY OKY | NJ ®¢

SCALE Modeling of Fluoriggalig
Cooled HigkTemperature
GasCooled Reactors

An FHR combines the HTGR fuel form Mighid fluoride
salt coolant in a graphitenoderated environment. A
pebblebed FHR has a core filled with a large amount of
graphite moderator and fuel pebbles surrounded by
graphitereflector structures Figure7). Like an HTGR, the
fuel pebbles contain thousands of TRISO patrticles
distributed in a graphite matrix. However, the pebbles in
an FHR are significantly smaller at ~3 cm diameter, and
the fuel particles within the pebble are tightly packed in a
spherical shell that is 1.5 mm thidkigure8).

NE L

Current FHR modeling effortstiv SCALE are supporting
NRGCsponsoredorojects for nuclear data performance
assessment and for the generation of nuclide inventory
for severe accident analysis. In preparation for full core
multigroup (MG) calculations, the performance of

{1 ! [doukleéhe approach for MG calculations for
particles placed in shells was verified through
comparisons with continuousnergy (CE) calculations.
(Note that significant verification has already been
performed for spheres.) TRITON/KEMQdepletion
calculations foan infinite lattice of fuel pebbles with
reflective boundary conditions were compared for the
following models: (1) an MG model using the doublehet
treatment for the selshielding calculation, (2) a CE
model with TRISO particles placed in a square Iattice
allowing particle clipping, (3) a CE model with TRISO

6 | SCALE NEWSLETTER 2021
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Figure7. SCALE model of the
UC Berkeley pebbkeed FHR.

3.0cm

Figure8. SCALE model of an FHR fuel pebble with
TRISO particles randomly distributed.

particles in a square lattice, avoiding particle clipping, andstudy is ongoing, and results will be publishair this
(4) a CE model with TRISO particles randomly distributed year in a technical report.

in the fuel region, avoiding parte clipping. The fuel
mass in these models was identical, and a CE model (4)

SCALE Modeling of the FaSpectrum

was taken as reference, as it seemed to be the closest to Heat Pipe Reactor

reality. Very good agreement was obtained ke
between the MG calculation and the CE reference, with
differences smégr than 300 pcm throughout depletion.
Models (3) and (4) showed excellent agreement, with
differences smaller than 60 pcm. It was noted that
particle clipping caused a bias of up to 500 pcm. With
respect to the variation of nuclide mass content during
depletion, very good agreement was observed among all
CE calculations. The MG calculation resulted in
differences smaller than 3.5% for all relevant observed
nuclides.

Based on the good performance of the MG treatment for
this type of fuel pebble, modelingfefts began for the
University of California Berkeley peb#ied FHR. The

goal is to estimate a realistic nuclide inventory for an
equilibrium state of the reactor, considering that the
pebbles travel multiple times through the reactor before
they reach tleir final discharge burnup. Initially, a
simplified approach was used to obtain representative
nuclide inventories for a model that will be used in
nuclear data sensitivity and uncertainty calculations. This

As part of the severe accident analysis collaboration with
SNL and the NRC, SCALE models @ereloped for a
fast-spectrum heat pipe reactoiF{gure9). These models
were based on the INL Design A concept, which is an
alternative design to the Los Alamos National Laboratory
(LANL) Special Purpose Reactor, alsavknas theMega-
Power ReactorThe original model contains 1,134 heat
pipes with a potassium working fluid. The heat pipes are
surrounded by hexagonal fuel elements, and the fuel is
UG with 19.75wt%23%U enrichment. The model contains
axial BeQeflectors above and below the active fuel
region, along with a radial alumina reflector containing
twelve BC control drums. The center of the core is left
unfueled to make room for two shutdown control rads
one annular and one solid. The active regiothefcore

was discretized into twenty axial and five radial zones to
analyze spatial variations in power and burnup.

Infinite lattice unit cell sensitivity studies were used to
perform verification between the SCALE and INL models.
The results agreed welihe reported eigenvalues were
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within roughly 50 pcm for these unit cell models.
Fullcore model verification was also performed to
analyze system eigenvalues with differing configurations
of control drum and shutdown rod positions. All of these
full-coreresults had eigenvalue differencetless than
190pcm. Control drum and shutdown rod worths were
also compared, and the results showed differences of
3.5% or less. Now that the model has been verified, it is
being used to provide isotopic inventoriescadecay heat
to SNL as input to the MELCOR severe accident code to
analyze potential releases from this reactor design.

Figure9. SCALE model for heat pipe reactor.

SCALE 6.3 Nuclear Data Updates

The SCALE 6.3 releaseludes a new release of the
SCALE data. This release includes new Evaluated Nucleafor Design, Operation and Safety Analysis of $§]Rs

Data File (ENDB}VIII.0 data and updated ENBFVII.1
data, and the ENDB-VII.0 data have been removed. The
National Nuclear Data Center released the EBIBHI.O
evabiated data in February 2018. ORNL performed
processing and extensive testing before and after the

ENDPB-VIII.0 data library releadé] [2]. The latest ENDF
release contains neutron cross secticatal for 556
isotopes, including metastable targets, as well as 34
thermal scattering law evaluations, including multiple
versions of graphite and hydrogen bound in ice. Under
the direction of the Collaborative International Evaluated
Library OrganisationJJELO) project, the ENBFVIII.O
data contain significant updates tél, 160, >6Fe,>*%U, 238,
and?*%Pu(3]. The ENDB-VIII.0 data also include
important thermal scattering law changes, such as new
evaluations for crystalline graphite and two different
porosities of reactor grade graphifé].

There are two new SCALE MG library structuredablai

for the ENDMB-VIII.0 and ENDB-VII.1 data. A new very
fine group library was added consisting of,897-group
structure based on the Analytical Methods Nuclear Gross
Section Processing Computer Code System (AMPX) 252
group structure and M&3 ultra-fine group structure$s].
The energy range from 0.1 keV to 20 MeV was divided
into 1,323 groups, each of which has an equivalent

lethargy width of—, to represent broad resonances of

intermediateweight nuclides explidit. The energy range
from 10°eV to 0.1 keV is represented by 274 groups
based on the AMPX 25ffoup structure. The boundaries
of the 1,597-group library were chosen such that the fine
groups can be collapsed directly onto the 25Edup
structure.

In addtion, a new 302group library was added for the
analysis of SFR systems. The base weighting function for
processing the MG data was taken as the neutron flux of
a volumehomogenized SFR fuel assembly computed by
the pointwise transport code Continuous Bqgg

Transport Module (CENTRM). The fuel assembly model
was generated corresponding to the specifications of the
large oxidecore (MOX3600), defined within the
Organisation for Economic @peration and

Development (OECD)/ Nuclear Energy Agency (NEA)
Benchnark for Uncertainty Analysis in Modelling (UAM)

The302-group structure was developed based on group
structures optimized for fast spectrum systems used in
the DOE Officefd\Nuclear Energy (NE) Advanced Reactor
Technologies (ART) program, and in particular, thé-81C
code[5]. Boundaries of the 42§roup structure were
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added to the 236group structure to include a finer
resolution of resonances ithe fast energy range. The
group structure below 1@V has been slightly modified
from the original Argonne National Laboratory (Argonne)
structures in order to match group boundaries of the
1,597-group library. In contrast to the 25@roup library,
group-dependent intermediate resonance (IR)
parameters (lambdas) are not included, and Bondarenko
factors were exclusively computed using the narrow
resonance (NR) approximation for the flux spectrum for
all nuclides. The 308roup library was developed and
tested with a focus on the models defined within the
OECD/NEA UAM SFR benchnj@kkFor the application

of this library to other SFR or fast spectrum systems,
validation with corresponding CE angb97-group
calculations is reacamended.

missing from the covariance provided in the released
ENDF librar{8].

Two coupled MG libraries were addedgopport coupled
OYyZ+ 0 NBIFOG2NI LK aANPaheOl £ Odz
mg_252n_47dibrary contains the exact same neutron

data as the neutroronly 252 group library
(scale.rev05.xn252v7)1with the addition of yield and

gan¥'l Rl GF G2 &adzllll2 NI O2dzL)x S
mg_252n_47dibrary uses the usual 47 group gamma
structure (identical to the gamma structure of
scale.rev13.xn200g47v7)1Similarly, theng_56n_199g

library contains the exact same neutron data as the
neutron-only 56 group libraryscale.rev04.xn56v7)1

with the addition of yield and gamma data to support
O2dzLX SR 06y ! omgGbrt 10dibrary lise y a ®
the usual 19 group gamma structure (identical to the

The ENDB-VIII.0O data were processed to generate both gamma structure o$cale.rev12.xn28g19v7)1Since the
CE and MG libraries for SCALE. The CE data are availableoupled libraries contain identical neutron data as their
for both incident neutrons and gammas and are deployed neutron-only counterparts, neutron transport should be
in HDF5 format rather than the legacy binary format. The identical when usinghe coupled or neutroronly version

new HDF5 directory filgor the CE libraries follows the
usual SCALE conventiag_v8.0_endfThe MG libraries

for incident neutrons were processed analogously to their

respective ENDB-VII.1 counterparts. Please note that
the ENDIB-VIII.0 versions of the MG libraries have
additional isotopes and thermal moderatdisat are not
available in ENDB-VII.1. The ENDB-VIII.0O MG libraries
in SCALE includeb®7-, 302, and 252group libraries.
Like its ENDB-VII.1 counterpart, the ENDBVIII.O0
1,597-group library ¥8.0-1597) is quite large due to the
large number of groups. As in the ENBWNII.1 library,
the ENDIB-VIII.0 302group library ¥8.0-302) is intended
for analysis of SFR systems. Furthermore, as in the
ENDB-VII.1 librarythe ENDBB-VIII.0 252 group library
(scale.rev01.xn252v8)ds best suited for criticality safety
and reactor physics applications. As with the E/BDF

VII.1 library, this library was processed using temperature

and Zdependent fluxes taken from a series of
representative lattice cell calculations. The EREIWII.O0
covariance datasgale.rev01.56groupcov8)@vere
processed into the same &froup format as the
ENDPB-VII.1 data. Additionally, the ENIBFVIII.O
covariance data contain correlations that aret poesent
in the original ENDB-VIII.0 data; these correlations
represent our best estimate of integral information

of each library structure.

The most significant change in the ENBWII.1 data is in
the unresolved resonance region. An incorrect
assumption in AMPX about the interpretation of the
unresolved resonance region datasome ENDF/B data
files resulted in a bias of up to ~500 pcm for fast systems
in calculations with both CE and MG libraries with the
SCALE 6.2 series. AMPX was corrected to interpret the
ambiguous ENDF definition as intended, and the latest
ENDB-VII.1 andENDIB-VIII.0 CE and MG libraries to be
distributed with SCAL-& 3 were generated with
probability tables that were normalized correctly for all
isotopes. Due to this change in the probability table
treatment, the largest resultingess change in the Véiied,
Archived Library of Inputs and Data (VALID) suite was
observed for ICSBEP benchmark cases-005001 and
MCF006-001, in which the corrected probability tables
decreag the predictedkes by roughly 350 pcril0]. The
impact of this change is negligible for thermal systems.

[1] D.A. Brown, et al., "ENDFXAII.O: The 8 Major
Release of the Nuclear Reaction Data Library with
CIEL&project Cross Sections, New Standards and
¢ KSNXYIFt { Ol NulléaNJatgl SheeBt8i | X ¢
2018.
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(2]

[3]

[4]

[5]

[6]

[7]

(8]

[9]

Holcomb, A., Wiarda, D., and Marshall, W. J., SAMPLER NEW§CAL|5.3
G9b5€KLLOPn (SaGAYy3a 6AGK Tat- FYR {/[T[95¢ AY

ANS NCSD 2017: Nuclear Criticality Safety Division New Features: Kinetics Data Perturbations

Topical Meeting Criticality Safety, Pushing One of the most important aspects of nuclear safety
Boundaries by Modernizing and Integrating Data,  gpalysis is the kinetics behavior (e.g., beféective

Methods, andRegulations, Carlsbad, NM, 2017. analysis). Similar to fegroup cross sections, thenetics
ad. ® / KFERgAO1Z 9 & 5dzLJ2 y (PRranteters useddps@ecal@ifgtions fnehude ¢ ¢ K §
CIELO Collaboration: Neutron Reactiondt/icO, uncertainties that originate from the measured nuclear
56Fe, 235239 and 3% dzBuclear Data Sheet@014. data. A new SCALE kinetics data library and an associated

1,000 perturbed kinetics data libraries were generated to
allow SAMPLER to propagateetins data uncertainties

to subsequences. A SAMPLER parameter data block was
expanded to allow for optional kinetics data

C. H. Lee, W. S. YaM;23: Multigroup Cross perturbations through the new perturb_kinetics keyword.
Section Generation Code for Fast Reactor Analysis ¢ KS &G LISNIi dzNDb g1 Ay SiAdaresas
ANL/NE11-41 Rev.2Argonne National Laboratory, be used together to ense that all kinetics parameters

A. |. Hawari, "Modern Techniques for Inelastic
Thermal Neutron Sttering Analysis,Nuclear Data
Sheets2014.

2013. are perturbed consistently.

L. Buiron, G. Rimpault, et éenchmark for Various Bug Fixes

Uncertz_;linty Analysis in Mode_lling (UAM) for Design, CENTRMProcessed Libraries Cause Inconsistent
Ope'rggon and Safety Analysis of SFRs, Core Variations in TRITON/MG KENO Depletion Results
Definitions February 10, 2017. Using SAMPLER, the TRITON/MG KENDHPE)

F. Bostelmann, N. R. Brown, A. Pautz, B. T. Reardendepletion sequence generatddG perturbed libraries

YO St 1203 20 %g-6Mapl yy s tidafdemopsgrated azorisierably smallek standard
Libraries for Sodiursooled Fastv S I O (i 2 NJ { & al¢vigtiorsicBngpared wittkerr Standard deviation at time =
Proceedings of M&C201Jeju, Korea, April £80, 0. An investigation showed that the inconsistent results
2017. are only observed when CENTRM is used for cross section
processing. In atition to perturbedMG libraries,

SAMPLER also generates consistent CENsprRbfic
perturbed libraries. The sudden reduction in the variation
of depletion results is caused by erroneously deleted
CENTRMpecific perturbed libraries after the first set of
Matthew A. Jessee, William A. Wieselquist, et al., calculations at time=0. This behavior is specific to

Gt h[ ! wL { Y -Dimensi&al LatticeZPhysics TRITON/MG KENO realizations under SAMPLER and was
lyrteara /LI oAfAdGE T2 NJrés8ved by implgm@nting 28 &robust fileth&ndlliagé This
Proceedings of PHYSOR 20THe Role of Reactor has been fixed in SCALE 6.3.0.

Physics toward a Sustainable Futufgoto, Japan,
2014.

Vladimir Sobes, Andrew Holcomb, B.J. Marshall,
Travis Greene, Doro Wiarda, Will Wieselquist,
"Augmented ENDFA1II.0 Covariance Library for
SCALE 6.3Annals of Nuclear Enerdy0, 2021.

Variable Response Table Reports Wrong Dependent
Variable Valuedor Parametric Studies

[10] W. J. Marshall, E. M. Saylor, A. M. Holcomb, D. In one parametric study, the response table displayed

2AFNRFZ FYR ¢@® ad DNEBSy Sdiferéntvalies thah thds€uged h the pedulbéd inpud I
and KEN&YI in SCALE 6.3 Beta 3 Using ENWR/B files if users requested a dependent variable as a

and ENDF/B: L L L [ RroceEdimgk & H1th £ response. Although the correct variables are used in the
International Conference on Nuclear CriticalityeBaf  perturbed inpu files, the incorrect response table entries
2019 Paris, France, 2019. can affect analysis results unless the uglebally

searches for aegularexpression angbrints (i.e.,grep9

10
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the matching linegor the correct values from the input boiling water reactor (BWR) design. In addition to
files. conventional U@fuel with Zircaloy clad, new ATF
concepts were also investigatedeyXquantities of

The discrepancies in thresponse table for dependent it tinclude (1) lati hvsi ¢ fivit
variables are caused by inconsistently sampling variables interest inciude ( ) B e barameters (reactivity,
reactivity coefficients, power and distributions, cross

during response generation. Because SAMPLER can be r§ i 4 kineti i 2) iSOtODIC | ¢
in two independent executionsinput generation and st 5 R ) S e

output processing the perturbed variables used in input ?t \1ar|0L|Jstdecay tlm((ejs, 4(B)EUUO?'(.: fmlwhl“latrkl]tytm _spent
generaton are not preserved. These variables are sampled duire pt(l)ofrs r(:]ragr;e, an (ti )nunﬁer r?r:n{i ' : q ia:}r:;ss "
when requested by users as a response during ectly from CToss section uncertainties a ectly

postprocessing. However, the resampling of variables was from ungertalntles in the dlschar.ged isotopic content.
inconsistent with the parametric study, and incorrect Calculations were performed using the prease of
values were generated. This has been fixed inL&®&3.0. SCALE 6.3 Polaris and ORIGEN compotiEss. AS -
examples from these studieBjgurel0shows a reactivity
SCALE Multithreading Does Not Work with SAMPLER on difference for Cicoated BWR ATF Compared to the

Mac or Windows _ ~ conventional BWR desidar both dominant (DOM) ath
Certain applications within SCALE support multithreadingvanished (VAN) latticeandFigure11 shows the decay
which is enabled by using theoption when launching heat difference compared to 6BWd/MTU 5 wt % PWR

jobs from the command line. SAMPLER is one of those  fye| when higher enrichment and burnup are used.
applicationsand the capability is functional on the Linux 50
operatingsystem However, despite the appearance of ‘ T
launching simultaneous jobs, each job is run sequentially -200 R, 106 DOM 7~
on Mac and WindowsThishas been fixed so that i ]
threading works on all platforms in v6.3.0.

HALEU

Commercial LWR operators and fuel vendors in the ,
United States are pursuing changes to reactor fuel, such -400;
as increased enrichment and ATF designs. The 450 b
enrichments under consideration are between 5 and 10% 0 10 20 30 40 50 60 70 8
233, a range which is a subset of HAlfEls. ATF Assemby Burnup[GWd/MTU]

features including coated clad, doped W@nd FeCrAl Figure10. Reactivity difference for Gcoated BWR ATF.
cladt are designed to improve fuel system performance 50

under accident conditions. With extended enrichment
(EE), fuel cycle economics can be improved if fuel can be
licensed for higher burnughan typical current limits

(e.g., 62 GWdA/MTU maximum for fuel pin). The adoption
of EE fuels, ATFs, and higirnup fuels in the US
commercial fleet requires a clear understanding of the
effects on core physics parameters and used fuel isotopic
content, aswell asconfidence in the accuracy of computer

code predictions over an expanded range of materials, et
enrichment,and burnup. Studies are ongoing at ORNL to — 60 GWd/MTU 5.0 wts% 80 GWd/MTU 8.0 wt
address these challenges. Phase 1 of these studies was 60 GWd/MTU 8.0 wts 80 GWd/MTU 6.5 wts
completed for lattice physics parameters amskd fuel Figurell Decay heat difference from 60 GWd/MTU
isotopic changes for a conventional 17 x 17 pressurized 5wt % PWR case.

water reactor (PWR) design and a conventional 10 x 10

=250 F
-300 =2

-350

Reactivity Difference [pcm]

40

30

20

Decay Heat (kW/MTU - 60 GWd/MTU 5.0 wt%)

11 | SCALE NEWSLETTER 2021



No unexpected or anomalous trends were found,
ensuring the adequacy of the Polaris code whsing
SCALE 5@roup ENDF/®/II.1 cross sections for depletion,
lattice physics, and isotopic content calculations of the
analyzed fuel type and lattice designs.

Assessment of Existing Transportation
Packages for Use with HALEU
(ORNL/TM2020/1729

Commercial LWR operators and fuel vendors in the
United States are pursuing changeduel, including
increased**U enrichment. Economic studies generally
anticipate maximummearterm fuel assembly designs
with up to 8 wt%3°U. Many nextgeneration nuclear
reactor designs require HALEU (19.75 w3 > 5 wt%)
fuel. One necessary element for the commersiedle use
of HALEU is the ability to safely transport large quastiti
of enriched fuel material in multiple forms, but it is
uncertain whether subcriticality requirements can be
satisfied with existing package designs and whether

existing critical benchmark experiment data are sufficient

to support criticality safety codealidation for HALEU
transportation applications.

The study assesses the potential to use currently licensed

transportation packages for the transportation of
increased enrichment, unirradiated U fuel forms. The
assessment analyzed selected package dssign
representing five categories of fuel formMBWR pins and
assemblies, pressurized water reactor pins and
assemblies, UFU-metal and TRISO particles, and-UO

pellets or powder. The analysis focused on demonstrating

subcriticality and identifying the benchark critical
experiments appropriate for use in criticality computer
code validation.

Key quantities of interest for subcriticality are limiting
conditions (e.g., optimum moderation), package or
package arraktes, package capacity, and package
transportaton array sizeA KEN©/I model for a&ube
shaped package designed to transport uranium oxide in
powder or pellet form is illustrated iRigurel2. The
SCALE TSUNAMAD and TSUNAMIP codes were used to
perform sensitivity and uncertainty calculations and to
identify candidate critical benchmark experiments for
code validation. The similarity coefficientwas the

metric used to identify candidate benchmka. Thec, for
a Traveller package is shownHigurel3.

A representative package was evaluated for each fuel
form category. The results for each pagk evaluation
include enrichment and packaging limits (e.g., maximum
transportation array size as a function of enrichment) and
benchmark critical experiment similarity coefficients. The
results show that there are viable means for increasing
enrichmentsinto the HALEU range across the spectrum of
fuel forms with differing amounts available for different
packages. Sources of subcriticality margin to offset
increased enrichment reactivity include reduced
transportation array size, reduced fissile mass, laita
absorber credit, and safety analysis margin harvesting.
Numerous critical benchmark experiment candidates for
validation were identified for all packages except

the DN30.

Figurel2. KENGVI model of CHORTU array.

o 200 400 600 800
Experiment number

1000 1200 1400 1600

o IEU LU X T O WMr ¢ IST =——ck=09

Figurel3. ¢ for TN-B1 with 8 wt% UQ
and 24 Gd rods /assembly
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Criticality Safety Validation
with VADER

Validation and Data Evaluation Resource (VADER) is the
successor code to USLSTATS, an upper subcritical limit

(USL) statistal program. It maintains all of the

functionality of the USLSTATS software and adds new

features, methods, and tests.

+ |

59wQa

-fading ghangzgiissielimplementation

of the new input format available with SCALE object
notation (SON). The SON formatfree form and can be
checked easily on the fly with the SCAl&phical user
interface GU) Fulcrum. Using SOfdrmatted input
makes it much easier to add new featurekile
preserving backwards compatibility in the futuren
example of the/ADERnput in Fulcrum is shown iRigure

14 below.

2

B1.
2.
62.
1.
81.
81.
100.
i 1.
i 1.
ot 1.
141.
g 1.
16 ]
i

19

21
22
23
24
25 }
26

28
29
30}

1=vader

3hata=[

9947003
3125354
0489823
4951488
6272778
6992786
9360934
7664417
8082888
1019401
8500284
8733395

20methods {

.00666
.00519
.00559
00893
.00697
.00735
.00544
.00558
00810
.00549
.00487
.00479

0.97978
0.97862
0.98018
0.98123
0.98207
0.98000
0.98848
0.97843
0.97523
0.97965
0.97295
0.97805

18 trend values=[-2.995732274 0 3.912023005]

USL1=[confidence=0.95 proportion=0.95
extrapolate=Yes]

LTB=[confidence=0.95 proportion=0.95]

LTL=[confidence=0.95 proportion=0.95]

27 tests{

trend

signicance[confidence=0.95]

shapi}o_wilk[confidence=0.95]

31 end

Figureld. Vader input.

In addition to the methods and tests supported in
USLSTATS, VADER adds several new methods, includingontains over 600 configurations based on 15 system
singlesided lower tolerance band, historical

nonparametric/parametric, and weighted versions of

all tests.

Like ULSTATS, VADER also supports tsgjcaied
normality test, and it also allows users toatiye the test
parameters. Furthermore, the development team plans
to implement a variety of new normality tests, including
trend significance testing. Wethown tests such as the
AndersorgDarling and the ShapicdVilk tests are being
implemented.

VADER suygorts reading the USLSTATS legapyt

format, allowing users to execute their existing USLSTATS
inputs. However, new functionality is only available
throughthe VADER sequendeurthermore, VADER
generates the plot filesséeFigurel5), which isa familiar
feature forUSLTATS users. These types of plots show the
trend lines, in addition to the user data used to construct
the model.

Figurel5. VADER plot.

VADER development taskee in progress$o implement
new features. In addition to the new tests to be added,
planned features include histogram and@ plots for
graphical normality assessment, extreme value theorem
methods, orrelated trending and nottrending methods,
and singlesided statistics for reactor physics validation.

SCALE 6.2.4 Validation for Criticality
Safety Analysis

The SCALE 6.2.4 validation report on criticality safety was
generated based on highuality mocels that cover a

broad range of systems. These models were developed
using the KENO V.a and KEYIGzodes. The report

categories from the ICSBEP Handb@)kThese
configurations are part ahe SCALE validation suite,
VALIDmaintained at ORNL. Nuclear data used for this
report include three MG librarigs56-group neutron,
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